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In a quasi-experimental design, we investigated the quality of life (QOL) in actual liver donors (n = 43) and potential liver donors 
(n = 33) before and 3 months after liver transplantation. This is the first study in this field combining a prospective design with 
an adequate control group. Potential donors served as a control group because they also had a relative in need of a liver 
transplant and were as emotionally involved with the recipient as actual donors, but they were not subjected to the donor 
operation. Groups did not differ in age, gender, marital status, donor-recipient relationship, urgency of transplantation, or 
recipient group (adult versus child). Actual donors showed decreased physical QOL, whereas potential donors were not 
affected. However, for both groups, a decrease in anxiety was found. Furthermore, actual donors showed a better mental QOL 
postoperatively than potential donors. The recipients of these 2 groups did not differ with respect to postoperative 
complications. Furthermore, the groups did not report a different caregiver burden, but actual donors showed higher 
self-esteem. Because of the surgery, the worsening of physical symptoms in actual donors was expected. It is remarkable, 
however, that although actual donors still showed a limited physical QOL 3 months after the operation, in both groups, a similar 
reduction in anxiety could be observed, and actual donors even demonstrated a better mental QOL postoperatively than 
potential donors. The latter might be due to a psychological benefit that actual donors derived from the fact that they were able 
to help the recipients. Liver Transpl 15:1676-1687, 2009. © 2009 AASLD. 
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Since its introduction in the late 1980s,'! living donor 
liver transplantation (LDLT) has been criticized by ex- 
perts because a healthy person is subjected to surgery 
with the inherent potential for severe physical and psy- 
chological impairments.”* Living donor kidney trans- 
plantation was also initially subject to controversy. To- 
day, itis a widespread and broadly accepted procedure. 
This acceptance was facilitated by the finding that liv- 


ing kidney donors experienced an improvement in self- 
esteem.°'° Therefore, it could be argued that not only 
did the recipients profit from the procedure but the 
donors also did by deriving psychological benefits. An- 
other advantage for donors could be a reduction of the 
caregiver burden after successful transplantation as 
well as relief from emotional strain because a person 
close to them is no longer exposed to an acutely life- 
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threatening situation. The fact that the donor actively 
contributes to the improvement of the recipient’s con- 
dition could constitute a further psychological benefit. 
In the field of living kidney donation, positive changes 
concerning personal development and the quality of 
relationships were reported by wives who donated for 
their husbands.” Furthermore, some authors found a 
correlation between the donors’ quality of life (QOL) and 
complications in the recipients,®'?” thereby supporting 
an association between the condition of the recipient 
and the well-being of the donor. 

The burden, especially that caused by the donor op- 
eration itself, benefit, and relief of burden may have an 
impact on QOL of living donors postoperatively. As the 
case may be, these factors could result in an improve- 
ment or deterioration of QOL. 

Since 2000, an increasing number of quantitative 
studies on health-related QOL in living liver donors 
have been published. The majority of these studies 
present a cross-sectional design assessing the out- 
come of LDLT retrospectively.®!® Only 6 prospective 
studies with 1 preoperative time point and at least 1 
postoperative time point could be identified,!??* as 
well as 1 publication that solely reported on preoper- 
ative QOL.?? Sample sizes have varied between 11 
and 48 patients. 

In all cross-sectional studies, preoperative and post- 
operative QOL of living liver donors was found to be as 
good as that of the general population or even better. 
With respect to the differences in QOL before and after 
transplantation, the results are inconsistent, and the 
direction of the postoperative change in QOL is still 
unclear. Furthermore, in these longitudinal studies, an 
adequate control group is missing. 

The objective of our prospective controlled study was 
to compare changes in physical and mental QOL from 
the time of evaluation before transplantation to 3 
months thereafter in subjects who underwent a living 
donation (actual donors) and in subjects who were eval- 
uated but did not donate their organ (potential donors) 
and whose relatives or friends received a postmortem 
donation or another living donation instead. We postu- 
lated a reduction in physical QOL in actual donors 
compared to potential donors from the preoperative 
time point to the postoperative time point. For mental 
QOL, the available data are not consistent. Some lon- 
gitudinal studies suggest no change”??? or even a de- 
cline?® 3 months after the operation, whereas others 
indicate an increase at later time points.!%.?° However, 
according to the cross-sectional studies and our clinical 
experience, we postulated an increase in mental QOL 
and a reduction of anxiety and depression in actual and 
potential donors. 


PATIENTS AND METHODS 
Patients 


At the transplantation centers of University Hospital 
Hamburg and University Hospital Essen, a prospective, 
longitudinal, multicenter study was conducted to in- 
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vestigate the course and psychosocial outcome ofLDLT. 
Donor candidates with a good command of the German 
language were included. All protocols ofthe survey were 
reviewed and approved by the medical faculty ethics 
committees. Written, informed consent was obtained 
from all participating patients. 

The study included 5 time points ranging from the 
time of donor evaluation (t,) to 2 years after donation or 
transplantation. This article focuses on the comparison 
of actual and potential donors at it, and 3 months after 
transplantation (t,). Results regarding the other time 
points are not considered because this article deals 
with specific hypotheses concerning the early postop- 
erative time point and data collection for the other time 
points is not yet complete. 

Actual donors are subjected to the physical burden 
ofa surgical procedure, the preoperative and postop- 
erative psychosocial burden, and possible relief. Psy- 
chosocial strain can be caused by the donor operation 
itself and also by the donor’s emotional commitment 
to the course of the recipient’s disease as well as 
possible caregiving issues. If the transplantation has 
the desired effect and improves the recipient’s condi- 
tion, the donor might experience a relief from emo- 
tional burden. Potential donors are family members 
or unrelated persons who do not undergo the donor 
operation and whose recipients receive a postmortem 
donation or a living donation from another donor 
instead. Their situation is comparable to that of the 
actual donors because they are also evaluated for 
LDLT, have a relative or friend in need of a liver 
transplant, and are emotionally involved with the re- 
cipient. Yet, they are not subjected to the physical 
and emotional stress of the operation itself. There- 
fore, they constitute an appropriate control group for 
the effects (physical and emotional) of the donor sur- 
gery itself, and the impact of the donation procedure 
can be studied by a comparison of these 2 groups. 

To ensure the comparability of actual and potential 
donors, the following subgroups of potential donors 
were excluded from the analysis: 


1. Patients who were rejected as donors for psychoso- 
cial reasons. 

2. Patients whose recipients died before transplanta- 
tion. 

3. Patients whose recipients’ condition deteriorated in 
such a way that transplantation was no longer an 
option. 


It was assumed that these patients were not compa- 
rable to actual donors with respect to psychology be- 
cause all actual donors were deemed psychologically 
eligible for donation and their recipients were eligible 
for transplantation. 

From March 2004 to September 2006, a total of 233 
German-speaking donors were evaluated in the 2 cen- 
ters for either adult LDLT or pediatric LDLT. One hun- 
dred eighty-three donors were evaluated in Essen, and 
103 of them participated in this study; 50 were evalu- 
ated in Hamburg, and 46 took part. In all, 149 patients 
agreed to participate in the study and completed their 


LIVER TRANSPLANTATION.DOI 10.1002/1t. Published on behalf of the American Association for the Study of Liver Diseases 


1678 SCHULZ ET AL. 


questionnaires at the first time point. Data including 
both time points (t, and t,) could be obtained from 89 
patients. This constituted a response rate of 64% for to. 
Of these, 60% participated at t.. 

According to the aforementioned criteria, 10 poten- 
tial donors were excluded from the analysis because 
they were not eligible for donation for psychosocial 
reasons, 2 were excluded because the recipient died 
prior to transplantation, and 1 was excluded because 
the recipient was no longer eligible for transplanta- 
tion. Thus, the final sample consisted of 76 patients: 
43 actual donors and 33 potential donors. The sub- 
sample of potential donors was composed of 20 pa- 
tients who were rejected for medical reasons, 4 who 
were eligible for LDLT but whose recipient neverthe- 
less received a postmortem donation, and 9 who were 
not yet finished with the medical evaluation when the 
recipient underwent transplantation. Even though 
the majority of potential donors were rejected for 
medical reasons, we do not consider this to limit their 
comparability with actual donors. The reasons for 
donor rejection in later steps of the evaluation pro- 
cess (after the psychological evaluation) are mostly 
inappropriate liver volumetry, steatosis, and factors 
associated with increased risk of thrombosis.?%?7 
These factors are not likely to have an impact on 
donors’ well-being and QOL. Preoperatively at to, dif- 
ferences between actual and potential donors are not 
to be expected because questionnaires were applied 
before the decision regarding medical eligibility was 
made; therefore, potential donors could not yet know 
about their exclusion at to. 

Actual donors completed their t, questionnaires 34 + 
39 days before transplantation; potential donors com- 
pleted them 43 + 39 days before transplantation (t = 
-1.00, P= 0.32). t, questionnaires were filled out 99 + 
20 days after the operation by actual donors and 104 + 
24 days after liver transplantation by potential donors 
(t= -0.96, P = 0.34). No mean differences between the 
groups were statistically significant. 

Comparing the response rates of actual and potential 
donors, we can note that of the 61 actual donors at to, 
43 also completed the questionnaires at t,, whereas of 
the 88 potential donors at {,, 46 participated at t, (be- 
fore exclusion criteria were applied). This constitutes 
response rates at t, with respect to 1, of 70% and 52%, 
respectively. 


Design 


Actual donors and the control group of potential donors 
who did not undergo surgery were asked to complete a 
set of questionnaires (discussed later) at t, and t,. They 
were compared with 2-group repeated-measures anal- 
ysis of variance (RM-ANOVA). Measures were divided 
into primary and secondary outcomes. Secondary out- 
comes provided further analysis of the data and facili- 
tated the interpretation. 


Instruments 
Primary Outcome Measures 


36-Item Short-Form Health Survey (SF-36), German 
version.”® The SF-36?? measures generic health-re- 
lated QOL. It assesses psychological, physical, social, 
and functional aspects of QOL and is often used in the 
field of transplantation medicine. The instrument is 
considered reliable and valid. It contains 36 items, 
which are combined into 8 scales, out of which 2 sum- 
mary scales can be computed: the physical component 
summary and the mental component summary. Each 
of the 8 subscales results in a score ranging from O to 
100, with a higher score indicating a better QOL. For 
the summary scales, T scores with a mean 0of50 and a 
standard deviation of 10 are computed. The component 
scales serve as primary outcome measures of this 
study. Results regarding the subscales are reported for 
descriptive reasons and to allow for comparisons with 
other studies in this field. 


Hospital Anxiety and Depression Scale (HADS), Ger- 
man Version.” The HADS?! is a reliable and valid 
instrument widely used for the assessment of anxiety 
and depression among medically ill patients. It mea- 
sures only mental symptoms of depression and not 
physical symptoms. Therefore, an overlapping of phys- 
ical complaints can be excluded. Each scale is made up 
of 7 items, which are summed up to a score ranging 
from O to 21. Higher scores indicate more symptoms of 
anxiety and depression. Scores lower than 7 are con- 
sidered clinically not relevant. 


Secondary Outcome Measures 


Chronic Liver Disease Questionnaire (CLDQ). The 
CLDQ was developed by Younossi et al.°? to assess 
specific health-related QOL in patients with chronic 
liver disease. The final version consists of 29 items 
using a 7-point Likert scale. Typical patient-related 
symptoms and impairments are presented and rated 
with respect to their frequency on a scale ranging from 
constant to never. The items are condensed into 6 
scales (abdominal symptoms, fatigue, systemic symp- 
toms, activity, emotional functioning, and worry) as 
well as a global score, with a higher score indicating a 
better QOL in the respective domain. 

A German translation was validated at the Hamburg 
Transplant Center.°® Cronbach’s alpha in the assessed 
sample ranged from 0.72 to 0.95, and retest reliability 
showed coefficients between r = 0.58 and r = 0.79. 
Convergent and discriminant validity was established as 
well. The CLDQ was adapted for use in living liver donors. 


Symptom Checklist of the Nepean Dyspepsia Index 
(NDI).°* This questionnaire (symptom checklist) is 
part of the NDI, an illness-specific instrument used to 
measure the symptom status and health-related QOL 
of patients with functional upper abdominal discom- 
fort. The NDI symptom checklist consists of 15 items 
measuring the frequency, intensity, and bothersome- 
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ness of 15 upper gastrointestinal symptoms over the 
previous 2 weeks. Validity was checked for the symp- 
tom checklist separately. It was shown that the symp- 
tom checklist discriminates between patients with and 
without dyspepsia. During its development, the NDI 
was pretested in 4 countries (Australia, Germany, Italy, 
and the Netherlands) and was reviewed by an interna- 
tional panel of experts. The revised version was trans- 
lated into several languages, including German. Out of 
the sum of all items, a total score is calculated, ranging 
from O to 195. The higher the NDI score is, the more 
frequent, intensive, and bothersome the upper gastro- 
intestinal symptoms are. 


Caregiver Burden Scale. This scale is based on the 
work of Dew and colleagues“®”-*® concerning caregivers 
of heart transplant recipients. They partially adapted it 
from the work of Montgomery et al.”” For our analysis, 
the questionnaire was given postoperatively to the ac- 
tual and potential donors to determine the degree of 
their own perceived burden of being caregivers to the 
recipient. An averaged score was computed from 16 
items measuring the degree to which caregiving respon- 
sibilities affect different domains of the donors’ lives 
(the amount of personal time, privacy, and personal 
freedom, time for vocational activities, household tasks, 
and recreational or social activities, time for and rela- 
tionships with other family members, financial re- 
sources, energy, and own physical and emotional 
health). Actual and potential donors were asked after 
transplantation to indicate on a 5-point scale how 
much these areas of life had changed since the trans- 
plantation of the recipient. Lower scores indicate wors- 
ening (eg, less time): (1) a lot less (worse), (2) a little less 
(worse), (3) the same, (4) a little more (better), and (5) a 
lot more (better). For the original scale from Dew et 
al.,°® Cronbach’s alpha was 0.86. 

For a better comparison with the other scales, this 
scale was reversely recoded so that higher scores indi- 
cate a higher caregiver burden. 


Modified European Multicenter Study of Transplanta- 
tion of Organs from Living Donors (EUROTOLD) Ques- 
tionnaire.°® A European multicenter study group 
(Transplantation of Organs from Living Donors) devel- 
oped a questionnaire for living kidney donors to gain 
knowledge about their decision-making process, 
health, and financial problems. This questionnaire was 
modified by Karliova et al.'® for living liver donors. Re- 
sults regarding self-esteem are reported in both groups. 
The relevant item is phrased differently for actual and 
potential donors: 


How did your self-esteem change through the living 
donation? (for actual donors) 

How did your self-esteem change compared to the 
time before you had decided in favor of the living dona- 
tion? (for potential donors) 

Possible answers are given on a 5-point scale: (5) much 
higher, (4) slightly higher, (3) no change, (2) slightly 
lower, and (1) much lower. 
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Statistical Methods and Procedure 


All statistical analyses were performed with SPSS Sta- 
tistical Software for Windows, version 13.0 (SPSS, Inc., 
Chicago, IL). To evaluate the differences between the 
groups of potential and actual donors in the dependent 
variables, 2-group RM-ANOVA followed by post hoc t 
tests was carried out. Mean values as well as standard 
deviations are reported later in Table 2 in addition to 
the following results of RM-ANOVA: the significance 
level (P) for (1) time effects, (2) group effects, and (3) 
group-time interactions. If RM-ANOVA reached signifi- 
cance, independent-sample and paired-sample t tests 
were computed to determine which specific changes or 
differences accounted for the significant effect in RM- 
ANOVA. Opting for a conservative approach, we also 
used 2-sided t tests for the directional hypotheses be- 
cause possible changes or differences in the opposite 
direction could not be excluded theoretically before 
testing and therefore needed to be considered. Results 
ofthe ttests are reported later in Table 2, in the figures, 
and within the text where appropriate. To analyze dif- 
ferences between the subsamples, parametric and non- 
parametric procedures analogous to group size, scale 
levels, and distribution parameters (t test for indepen- 
dent samples, Mann-Whitney U test, and chi-square 
test) were applied. Because caregiver burden was as- 
sessed at only 1 time point (t,), an independent-sample 
t test was applied to compare actual and potential do- 
nors. Regarding the assessment of self-esteem, the an- 
swers were recoded into 2 categories (no change and 
improvement of self-esteem), and a chi-square test was 
applied. Correlational analyses were conducted with 
Pearson or Spearman rank correlations according to 
the scale level. For all tests, a significance level of P< 
0.05 was predetermined. 


RESULTS 
Demographics and Clinical Variables 


Clinical and demographic information is provided in 
Table 1. The actual donors and the control group of 
potential donors (who were evaluated for donation but 
did not undergo surgery) did not differ in age, gender, or 
marital status. However, with respect to education, the 
2 groups differed significantly. In the group of potential 
donors, more participants held a university-entrance 
diploma. The proportions of patients from the Hamburg 
and Essen centers and the proportions of child and 
adult recipients were equally distributed in both sam- 
ples. Likewise, the donor-recipient relationship, ur- 
gency of transplantation, and postoperative complica- 
tions in the recipient were similarly distributed in 
actual and potential donors (Table ]). 


Primary Outcome: Physical and Mental QOL, 
Anxiety, and Depression 
The physical summary scale of the SF-36 detected a 


worsening in actual donors postoperatively, whereas 
potential donors were not affected (significant time- 
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group interaction, Table 2 and Fig. 1; paired-sample t 
test for actual donors: P< 0.001). The mental summary 
scale of the SF-36 differentiated the groups at t,, with 
actual donors showing a better QOL than potential do- 
nors 3 months after transplantation (significant group 
effect, Table 2 and Fig. 2; independent-sample ttest at 
tı: P = 0.02). However, the time effect was not signifi- 
cant in RM-ANOVA or t test (Table 2; paired-sample 
t test for actual donors: P = 0.25). 

There was no differential change in anxiety (HADS) as 
the score decreased in both the potential donors and 
the actual donors (significant time effect, Table 2 and 
Fig. 3; paired-sample t test: P = 0.04 for actual donors 
and P = 0.02 for potential donors). With respect to 
depression (HADS), the group of potential donors was 
more affected preoperatively (significant group effect, 
Table 2 and Fig. 4; independent-sample ttest at io: P= 
0.02) but showed a postoperative decrease (significant 
time effect, Table 2 and Fig. 4; paired-sample t test for 
potential donors: P = 0.04). The actual donors did not 
show any change after donation but retained an already 
low level of depression (Table 2 and Fig. 4). The mean 


TABLE 1. Demographic and Clinical Variables 
Actual Donors Potential Donors 
(n = 43) (n = 33) P 
Age (years) (mean + SD) 34.8 + 8.9 32.3 + 8.6 0.23 
Female [n (%)] 18 (41.9) 15 (45.5) 0.82 
Marital status 
Married [n (%)] 22 (51.2) 19 (57.6) 0.96 
Unmarried [n (%)] 17 (39.5) 12 (36.4) 
Divorced/separated [n (%)] 3 (7.0) 2 (6.0) 
Widowed [n (%)] 1 (2.3) 0 (0.0) 
Education 
German Hauptschule (graduation after 9 years of school) 14 (32.6) 10 (30.3) 0.003 
German Realschule (graduation after 10 years of school) 20 (46.5) 5 (15.2) 
German Fach-/Abitur (university-entrance diploma) 9 (20.9) 18 (54.5) 
Transplantation center 
Essen [n (%)] 25 (58.1) 18 (54.5) 0.82 
Hamburg [n (%)] 18 (41.9) 15 (45.5) 
Donation for a child [n (%)] 18 (41.9) 16 (48.5) 0.64 
Donor-recipient relationship 
Parent [n (%)] 20 (46.5) 14 (42.4) 0.99 
Child [n (%)] 13 (30.2) 9 (27.3) 
Spouse [n (%)] 1 (2.3) 1 (3.0) 
Sibling [In (%)] 3 (7.0) 3 (9.1) 
Other relative [n (%)] 4 (9.3) 4 (12.1) 
Not related/friend [n (%)] 2 (4.7) 2 (6.1) 
Urgency of the transplantation 
Not urgent [n (%)] 23 (53.5) 19 (57.6) 0.99 
Tumor [n (%)] 12 (27.9) 6 (18.2) 
Highly urgent [n (%)] 8 (18.6) 8 (24.2) 
Complications in the recipient 
Not life-threatening [n (%)] 26 (60.5) 16 (48.5) 0.45 
Potentially life-threatening [n (%)] 11 (25.6) 14 (42.4) 
Retransplantation [n (%)] 2 (4.6) 0 (0.0) 
Death [n (%)] 4 (9.3) 3(9.1) 
NOTE: According to the scale level, t tests, chi-square tests, or U tests were applied. 
Abbreviation: SD, standard deviation. 


values for actual and potential donors at both time 
points were below the cutoff score of 7 (Table 2). 


Secondary Outcomes: CLDQ Subscales and 
Abdominal Symptoms 


Similar to the physical summary scale of the SF-36, the 
systemic symptoms and activity scales ofthe CLDQ, as 
well as the NDI total score, also indicated physical im- 
pairment at the postoperative time point in actual do- 
nors and no change in the control group (significant 
time-group interaction, Table 2 and Figs. 5-7; paired- 
sample t test for actual donors for the 3 variables: P = 
0.001, P< 0.001, and P = 0.01). The worry scale of the 
CLDQ showed a significant increase in QOL (ie, less 
worries) for both actual and potential donors, but with 
a steeper increase in potential donors (significant time- 
group interaction and significant time effect, Table 2 
and Fig. 8; paired-sample t test: P< 0.001 for actual 
donors and P< 0.001 for potential donors). The poten- 
tial donors reported more worries before transplanta- 
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TABLE 2. Comparison of Physical and Mental Quality of Life, Depression, and Anxiety as well as Secondary 
Outcome Variables in Actual and Potential Donors Before Donation/Transplantation and Three Months After 
Donation/Transplantation 

Before After RM-ANOVA t Test 
Scale Group n (Mean + SD) (Mean + SD) Results* Results’ 
SF-36 (higher scores = better QOL) 
Physical health Actual donors 41 58.01 + 4.20 52.88 + 5.74 <0.001/0.002/0.001 b,c 
summary scale Potential donors 32 58.19 + 3.69 57.93 + 3.62 
Mental health Actual donors 41 50.02 + 9.13 52.22 + 10.46 0.787/0.031/0.240 b 
summary scale Potential donors 32 47.69 # 10.35 46.31 + 10.97 
Physical functioning Actualdonorss 42 97.86 +6.16 91.79 + 8.10 0.001/0.010/0.003 b,c 
Potential donors 33 97.73 & 3.77 97.41 + 4.54 
Role physical Actual donorss 42 99.40 + 3.86 80.95 + 28.59 <O0.001/0.004/0.009 b,c 
Potential donors 33 100.00 # 0.00 96.21 = 12.69 
Bodily pain Actual donors 42 97.29 + 9.91 82.17 & 19.34 0.008/0.193/<0.001 b;:€ 
Potential donors 33 92.09 # 19.16 94.67 & 11.28 
General health Actual donors 41 84.27 + 10.08 85.24 + 13.49 0.543/0.749/0.251 — 
Potential donors 32 85.63 + 8.68 82.47 + 14.95 
Vitality Actual donors 42 65.60 + 18.94 64.64 + 19.42 0.320/0.314/0.570 —_ 
Potential donors 33 63.03 # 16.72 59.55 + 19.86 
Social functioning Actual donors 42 89.58 + 20.08 89.29 + 20.02 0.525/0.064/ 0.582 _ 
Potential donors 33 84.09 # 20.56 79.92 + 29.96 
Role emotional Actual donors 42 95.24 & 17.38 89.68 + 24.95 0.347/0.545/0.660 — 
Potential donors 33 90.91 # 26.71 88.89 + 30.81 
Mental health Actual donorss 42 75.24 + 16.13 79.42 +& 18.37 0.582/0.027/0.289 b 
Potential donors 33 71.15 # 18.08 69.82 + 15.62 
HADS (higher scores = more symptoms) 
Anxiety Actual donors 42 4.42 + 3.67 3.19 + 3.01 0.001/0.070/0.400 c,d 
Potential donors 33 6.18 + 4.71 4.12 + 3.76 
Depression Actual donors 42 2.26 + 2.92 2.19 + 3.04 0.050/0.041/0.068 a,d 
Potential donors 33 4.58 + 4.86 2.79 + 3.59 
CLDQ (higher scores = better QOL in the respective domain) 
Abdominal Actual donorss 41 6.42 + 0.84 6.24 + 0.85 0.967/0.888/0.148 _ 
symptoms Potential donors 32 6.25 + 0.85 6.45 + 0.65 
Fatigue Actual donors 41 5.82 + 0.87 5.62 # 1.15 0.103/0.555/0.935 — 
Potential donors 32 5.68 + 0.93 5.49 # 1.34 
Systemic symptoms Actual donorss 42 6.73 # 0.37 6.44 + 0.51 0.002/0.549/0.041 C 
Potential donors 32 6.66 + 0.34 6.60 + 0.39 
Activity Actual donors 42 6.57 + 0.87 5.7385 1:17 0.001/0.100/0.003 b,c 
Potential donors 32 6.47 + 0.76 6.42 + 0.81 
Emotional function Actual donors 42 6.04 + 0.89 6.04 + 1.12 0.859/0.261/0.859 — 
Potential donors 32 5.85 + 0.99 5.79 # 1.09 
Worry Actual donors 42 5.94 + 0.98 6.60 + 0.52 <O0.001/0.036/0.030 a,c,d 
Potential donors 31 5.39 # 0.78 6.58 + 0.68 
CLDQ total score Actual donors 40 6.26 + 0.63 6.09 + 0.68 0.981/0.754/0.060 — 
Potential donors 31 6.05 + 0.63 6.22 + 0.63 
NDI (higher scores = Actual donors 43 5.63 # 12.65 11.74 + 17.89 0.148/0.226/0.039 b,c 
more symptoms) Potential donors 32 6.00 + 10.33 4.91 + 10.16 
NOTE: The primary outcomes are bolded; the SF-36 subscales are italicized. 
Abbreviations: CLDQ, Chronic Liver Disease Questionnaire; HADS, Hospital Anxiety and Depression Scale; NDI, Nepean 
Dyspepsia Index; QOL, quality of life; RM-ANOVA, repeated-measures analysis of variance; SD, standard deviation; SF-36, 
36-Item Short-Form Health Survey. 
*The results of RM-ANOVA: P values for the time effect, group effect, and time-group interaction. 
"The results of post hoc t tests: “a” indicates a significant difference between actual and potential donors at the time of 
evaluation, “b” indicates a significant difference between actual and potential donors 3 months after donation/ 
transplantation, “c” indicates a significant change before donation/transplantation versus after donation/transplantation in 
actual donors, and “d” indicates a significant change before donation/transplantation versus after donation/transplantation 
in potential donors. 
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Figure 1. Physical summary scale of the 36-Item Short-Form 
Health Survey in actual (n = 41) and potential (n = 32) donors 
before and 3 months after donation/transplantation (higher 
scores = better quality of life). *There was a significant time- 
group interaction as well as a significant time effect and a 
significant group effect in repeated-measures analysis of vari- 
ance. The results of the post hoc t tests were as follows: (b) a 
significant group difference at 3 months after donation/trans- 
plantation (P < 0.001) and (c) a significant reduction in the 
quality of life before donation/transplantation versus after 
donation/transplantation in actual donors (P < 0.001). Abbre- 
viations: LDLT, living donor liver transplantation; LTX, liver 
transplantation. 
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Figure 2. Mental summary scale of the 36-Item Short-Form 
Health Survey in actual (n = 41) and potential (n = 32) donors 
before and 3 months after donation/transplantation (higher 
scores = better quality of life). *There was a significant group 
effect in repeated-measures analysis of variance. The results 
of the post hoc t tests were as follows: (b) a significant group 
difference at 3 months after donation/transplantation (P = 
0.02). There were no significant changes before donation/ 
transplantation versus after donation/transplantation for ei- 
ther actual or potential donors. Abbreviations: LDLT, living 
donor liver transplantation; LTX, liver transplantation. 


tion (significant group effect, Table 2 and Fig. 8; inde- 
pendent-sample t test at to: P = 0.01). 


Secondary Outcomes: Caregiver Burden, Self- 
Esteem, and Complications in the Recipient 


The caregiver burden did not differ between actual and 
potential donors 3 months after donation or transplan- 
tation (Caregiver Burden Scale at t,: Mean for actual 
donors = 3.05, SD = 0.40; Mean for potential donors = 
3.17, SD = 0.59, t= -0.96, P = 0.34). Although self- 
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Figure 3. Anxiety (Hospital Anxiety and Depression Scale) in 
actual (n = 42) and potential (n = 33) donors before and 3 
months after donation/transplantation (higher scores = more 
anxiety). *There was a significant time effect in repeated-mea- 
sures analysis of variance. The results of the post hoc t tests 
were as follows: (c) a significant reduction in anxiety before 
donation/transplantation versus after donation/transplanta- 
tion in actual donors (P = 0.04) and (d) a significant reduction 
in anxiety before donation/transplantation versus after dona- 
tion/transplantation in potential donors (P = 0.02). Group 
differences were not significant. Abbreviations: LDLT, living 
donor liver transplantation; LTX, liver transplantation. 
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Figure 4. Depression (Hospital Anxiety and Depression 
Scale) in actual (n = 42) and potential (n = 33) donors before 
and 3 months after donation/transplantation (higher scores = 
more depressive symptoms). *There was a significant time 
effect as well as a significant group effect in repeated-mea- 
sures analysis of variance. The results of the post hoc t tests 
were as follows: (a) a significant group difference at the pre- 
operative time point (P = 0.02) and (d) a significant reduction 
in depression before donation/transplantation versus after 
donation/transplantation in potential donors (P = 0.04). Ab- 
breviations: LDLT, living donor liver transplantation; LTX, 
liver transplantation. 


esteem increased in 14 actual donors, this was the case 
in only 2 potential donors, who stated a slight postop- 
erative increase (Fig. 9; x” = 7.413, P = 0.008). 

The correlations of the mental summary scale (SF-36) 
with self-esteem were not significant postoperatively for 
actual donors (r = -0.30, P = 0.07) or for potential 
donors (r = -0.20, P= 0.31). 

Correlations between the degree of complications in 
the recipient (assessed via the Clavien classifica- 
tion?”-*°) and physical and mental variables 3 months 
after donation or transplantation in the actual and po- 
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Figure 5. Systemic symptoms (Chronic Liver Disease Ques- 
tionnaire) in actual (n = 42) and potential (n = 32) donors 
before and 3 months after donation/transplantation (higher 
scores = better QOL = fewer symptoms). *There was a signif- 
icant time-group interaction as well as a significant time ef- 
fect in repeated-measures analysis of variance. The results of 
the post hoc t tests were as follows: (c) a significant reduction 
in QOL before donation/transplantation versus after dona- 
tion/transplantation in actual donors (P = 0.001). Group dif- 
ferences were not significant. Abbreviations: LDLT, living do- 
nor liver transplantation; LTX, liver transplantation; QOL, 
quality of life. 
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Figure 6. Activity (Chronic Liver Disease Questionnaire) in 
actual (n = 42) and potential (n = 32) donors before and 3 
months after donation/transplantation (higher scores = better 
QOL). *There was a significant time-group interaction as well 
as a significant time effect in repeated-measures analysis of 
variance. The results of the post hoc t tests were as follows: (b) 
a significant group difference at 3 months after donation/ 
transplantation (P = 0.004) and (c) a significant reduction in 
QOL before donation/transplantation versus after donation/ 
transplantation in actual donors (P < 0.001). Abbreviations: 
LDLT, living donor liver transplantation; LTX, liver trans- 
plantation; QOL, quality of life. 


tential donors are depicted in Table 3. Although the 
physical QOL and the NDI symptom index in the actual 
and potential donors showed no associations with the 
degree of postoperative complications in the recipient, 
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Figure 7. Abdominal symptoms (Nepean Dyspepsia Index) 
in actual (n = 43) and potential (n = 32) donors before and 
3 months after donation/transplantation (higher scores = 
more symptoms). *There was a significant time-group inter- 
action in repeated-measures analysis of variance. The re- 
sults of the post hoc t tests were as follows: (b) a significant 
group difference at 3 months after donation/transplanta- 
tion (P = 0.04) and (c) a significant increase in symptoms 
before donation/transplantation versus after donation/ 
transplantation in actual donors (P = 0.01). Abbreviations: 
LDLT, living donor liver transplantation; LTX, liver trans- 
plantation. 


the mental variables in the actual donors were corre- 
lated significantly with complications in the recipient. 
This association had an inverse nature: the more com- 
plications the recipient had, the worse the mental QOL 
was. Accordingly, in the actual donors, postoperative 
complications in the recipient were associated with 
more anxiety, depressive symptoms, and worries. In 
potential donors, on the other hand, there was no rela- 
tion between these variables. In this group, a worse 
QOL, more worries, anxiety, and depressive symptoms 
did not depend on a larger degree of complications in 
the recipient. 


DISCUSSION 


Our study is the first to include a control group 
matched especially for comparability with actual living 
donors. This quasi-experimental design enables us to 
differentiate between changes in QOL possibly relevant 
for all close relatives of transplant recipients and 
changes specific for actual living donors. Only Cheru- 
vattath et al.”® presented a controlled design, but they 
did not give further details regarding the comparability 
of the 2 groups. Furthermore, they did not apply an 
analysis of variance but applied only paired t tests for 
each group separately. In addition, their follow-up time 
varied between 3 months and 5 years, and this further 
limits comparability with other studies that use distinc- 
tive time points. Our control group of potential donors 
consisted of donor candidates who were evaluated for 
donation but did not undergo the actual procedure. To 
ensure comparability with actual donors, we excluded 
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Figure 8. Worry (Chronic Liver Disease Questionnaire) in ac- 
tual (n = 42) and potential (n = 31) donors before and 3 
months after donation/transplantation (higher scores = better 
QOL = fewer worries). *There was a significant time-group 
interaction as well as a significant time effect and a significant 
group effect in repeated-measures analysis of variance. The 
results of the post hoc t tests were as follows: (a) a significant 
group difference at the preoperative time point (P = 0.01), (c) 
a significant increase in QOL (ie, fewer worries) before dona- 
tion/transplantation versus after donation/transplantation in 
actual donors (P < 0.001), and (d) a significant increase in 
QOL before donation/transplantation versus after donation/ 
transplantation in potential donors (P < 0.001). Abbrevia- 
tions: LDLT, living donor liver transplantation; LTX, liver 
transplantation; QOL, quality of life. 
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Figure 9. Change in self-esteem in actual (n = 39) and poten- 
tial (n = 28) donors 3 months after donation/transplantation. 
*There was a significant difference in the chi-square test after 
dichotomization (no change versus improvement in self-es- 
teem). 


certain groups of potential donors (candidates rejected 
for psychosocial reasons and those whose recipients 
died before transplantation or were no longer trans- 
plantable) from the analysis. 

In the following, we discuss the results for physical 
and mental QOL separately. Further results relevant to 


the interpretation of our hypotheses are addressed sub- 
sequently. 

Our first hypothesis could be confirmed. The physical 
summary scale of the SF-36, as well as subscales cap- 
turing the physical domain of QOL, consistently 
showed a decrease in actual donors, whereas there was 
no change in the control group. 

Results of the questionnaire on upper abdominal dis- 
comfort (NDI) and the abdominal symptoms subscale of 
the CLDQ, however, were disparate. In the CLDQ sub- 
scale, actual donors did not show a change over time, 
whereas in the NDI, the expected changes occurred. 
This discrepancy could be referred to the items that 
constitute these scales. The CLDQ subscale asks for 
the frequency of abdominal bloating, pain, and discom- 
fort in the last 2 weeks. The NDI assesses the frequency, 
intensity, and impact of 15 abdominal symptoms. 
Thus, the latter questionnaire provides a considerably 
more detailed description of abdominal complaints. 
However, although the NDI captures more relevant in- 
formation, the living donors attained values only at the 
lowermost end of the scale, and this suggests the con- 
struction of a specific QOL questionnaire for living do- 
nors in order to detect the relevant complaints of these 
patients with more accuracy.?! 

The reduction in physical QOL in the actual donors 
can be ascribed to the impact of the donor operation, 
which continued to affect QOL 3 months after donation. 
Two of the earlier prospective studies are in line with 
our findings: Cheruvattath et al.”? observed a signifi- 
cant decline in physical QOL at least 3 months (up to 5 
years) after donation, and Chan et al.”* found a lower 
physical QOL 1, 2, and 3 months post-donation in com- 
parison with the preoperative time point. Even though 
Verbesey et al.”” found a deterioration in physical QOL 
1 week and 1 month after the operation, at 3 months 
and later, the difference was no longer significant. In 
contrast, Pascher et al.!? found an increase in global 
QOL 6 months and again 1 year after the operation. 
Walter et al.”® also noted an increase in global QOL 6 
months post-donation. In another study of this 
group,”' global QOL remained stable 6 months post- 
donation, but with respect to the subscales, there wasa 
significant decrease in physical health. It should be 
noted that these studies’?! did not use the SF-36 as 
an outcome measure, and furthermore, they chose later 
postoperative time points; this limits the comparability 
of the results. Further research is needed to determine 
at which point in time the physical burden of the donor 
operation has no impact on donors’ QOL anymore. Be- 
cause our study also includes later time points, we will 
be able to address this question in future publications. 

Regarding psychological adaptation, our results were 
less consistent. As predicted, in both groups, a reduc- 
tion in anxiety and also in worries could be detected. 
The fact that in depression there was a decrease only in 
potential donors but not in actual donors could be at- 
tributed to a floor effect: the actual donors already 
showed very low depression scores preoperatively, and 
this made a further decrease post-donation statistically 
unlikely. It should be noted that the mean values for 
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TABLE 3. Correlations (Spearman p) and Significance Levels (P) Between Complications in the Recipient and 
Physical and Mental Variables in Actual and Potential Donors 3 Months After Donation/Transplantation 


NOTE: Significant P values are bolded. 


Dyspepsia Index; SF-36, 36-Item Short-Form Health Survey. 


SF-36 SF-36 
Physical Mental CLDQ 
Summary Summary HADS HADS CLDQ Emotional 
Scale NDI Scale Anxiety Depression Worry Function 
Complications in Actual p = -0.126 p = 0.063 p= -0.403 p = 0.311 p = 0.373 p= -0.332 p= -0.194 
the recipient donors P=0.43 P=0.0 P= 0.008 P = 0.04 P = 0.01 P = 0.03 P= 0.21 
Potential p= 0.260 p = 0.065 p= -0.075 p=0.159 p=0.010 p= -0.016 p= -0.116 
donors P=0.16 P= 0.73 P = 0.68 P = 0.38 P = 0.96 P = 0.93 P = 0.52 


Abbreviations: CLDQ, Chronic Liver Disease Questionnaire; HADS, Hospital Anxiety and Depression Scale; NDI, Nepean 


both groups at both time points remained below the 
cutoff score of 7 and therefore did not represent clini- 
cally significant anxiety or depression. 

Results for mental QOL, on the other hand, differed 
from the expected pattern. Before transplantation, the 
groups were similar in the mental summary scale ofthe 
SF-36. Three months later, although the time effects 
did not reach significance, actual donors conversely 
showed a better QOL than potential donors, despite an 
impaired physical QOL. This group effect at t, could be 
interpreted as a psychological benefit that the donors 
derived from having been able to help the recipients. 

On the basis of our previous finding that a donor’s 
preoperative QOL depends on the recipient’s urgency of 
transplantation®? (ie, the more urgent the transplanta- 
tion is, the lower the donor’s QOL is), we inversely 
assume that a donor’s contribution to the improvement 
of the recipient has a positive impact on the donor’s 
QOL postoperatively. 

Furthermore, our results indicate that mental QOL 
and psychological well-being in actual donors but not 
in potential donors rather depend on postoperative 
complications in the recipients. This could be inter- 
preted as reflecting the stronger involvement of actual 
donors with the postoperative course of the recipients. 
They might feel more concerned or even responsible 
because they were the donors of the transplanted or- 
gans. 

It should be noted, however, that with respect to the 
mental summary scale of the SF-36, there is neither a 
significant time effect nor a time-group effect, and this 
limits statistical interpretability. It has to be investi- 
gated whether such a differential effect (an increase in 
mental QOL in actual donors and no change or a de- 
crease in potential donors) can be shown in a larger 
sample. 

In the literature, different courses for the mental QOL 
of actual donors have been observed. Verbesey et al.”? 
did not find any changes over time, whereas Cheruvat- 
tath et al.”® found a significant decline in all mental 
subscales of the SF-36 at least 3 months (and later) 
post-donation. Chan et al.”* noted that 2 subscales of 
the SF-36 assessing mental QOL showed a significant 


decline but only 1 month after donation. Walter et al.°° 


noted an increase in fatigue and tiredness 6 months 
after the operation and a decrease in anxious depres- 
sion. In another study,?! psychological state and social 
functioning did not show any change 6 months after 
donation. In contrast to most of these studies, our find- 
ings indicate a higher mental QOL in actual donors 
postoperatively compared to potential donors (signifi- 
cant group effect), who were not assessed in the other 
studies. The significant decrease in anxiety is in line 
with the decrease in anxious depression shown by 
Walter et al. 

This result is notable also because the donors still 
showed a decreased physical QOL at the assessed time 
point. In light of this, an increase in psychological well- 
being was less likely but nevertheless could be de- 
tected. 

Preoperatively, in our study, potential donors showed 
more worries and depression in comparison with actual 
donors. As the donors underwent medical evaluation 
while completing the questionnaires before transplan- 
tation, it is possible that some potential donors already 
knew that they might not be eligible and were influ- 
enced by this. 

The caregiver burden and postoperative complica- 
tions of the recipients did not differ between groups, 
whereas self-esteem increased only in the actual do- 
nors. Therefore, one could assume that the better men- 
tal QOL in the actual donors at t, was associated with 
higher self-esteem. This correlation, however, did not 
reach significance (see the Results section). In our 
study, self-esteem was measured only with 1 item ofthe 
EUROTOLD questionnaire. Although 14 of the actual 
donors and only 2 of the potential donors reported a 
change in self-esteem, this difference was significant 
between the groups. Yet, the well-being of the actual 
donors did not depend on this change in self-esteem; 
that is, donors whose self-esteem increased did not 
show a better mental QOL and vice versa. This con- 
traintuitive result can be exemplified in single cases of 
our sample. A donor whose recipient died, for example, 
showed a very low QOL but nevertheless stated that his 
self-esteem was much higher than before the donation. 
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A psychometrically more reliable and valid assessment 
of self-esteem in studies with living donors seems to be 
advisable in order to study this relationship on a more 
detailed level. In studies of living kidney donation, 
higher self-esteem in donors has been reported.°'® 

A possible limitation of our study is the relatively low 
response rate at t,. At t„, 64% of all evaluated donors 
participated in the study, but only 60% of these also 
completed the questionnaires at t,. Whether these pa- 
tients constitute a selective sample is unclear. On the 
one hand, donors and potential donors who did not feel 
good, physically or emotionally, might have refrained 
from participating in the study because, for example, 
they wanted to avoid a confrontation with their prob- 
lems or dreaded the additional effort of completing the 
questionnaires. On the other hand, just these patients 
might have taken part in order to report their symp- 
toms. Conversely, it also seems plausible that donors 
who felt good did not participate in the study as they 
considered it to be unnecessary because they did not 
have any problems to report. When we compared the 
response rates of actual and potential donors (70% ver- 
sus 52%), it became obvious that especially the poten- 
tial donors refrained from participating postoperatively. 
Often, these patients reported that they did not see the 
necessity of filling out the questionnaires because they 
had not undergone surgery. Even the response rate of 
52% could be obtained only because patients who did 
not answer were contacted individually. Nevertheless, it 
should be noted that the generalizability of the results 
might be limited because of the relatively large rate of 
nonresponders. However, our sample is still one of the 
largest presented in this field of research and the first 
with an adequate control group. 

In summary, our study showed a decrease in anxiety 
and worries in actual donors as well as the control 
group 3 months postoperatively, suggesting that these 
changes are not specific to living donors. The trans- 
plantation therefore leads to positive psychological con- 
sequences for all relatives of transplant recipients, 
whether they serve as living donors or not. However, it 
is remarkable that actual donors fared as well psycho- 
logically as potential donors even though they were still 
impaired physically by the operation. This, in addition 
to the results regarding mental QOL, supports the hy- 
pothesis that, comparable to living kidney donors, liv- 
ing liver donors might derive a psychological benefit 
from LDLT that can be differentiated from the relief of 
burden that all relatives experience. Even though they 
were still impaired physically 3 months after donation, 
their mental QOL was better than that of the control 
group, which did not donate. This should encourage the 
medical community to reduce their reservations toward 
LDLT. In times of growing organ shortages and in- 
creased waiting list mortality, LDLT should be recog- 
nized as a valid method for saving the lives of critically 
ill patients. If donors are selected carefully and surgery 
is undertaken by experienced centers only, both recip- 
ients and donors can benefit from the procedure. How- 
ever, continued research as part of the clinical routine 
is needed to obtain confirming evidence. 
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